Acetaminophen Acute liver failure Aquaporin-4 Astrocyte swelling Brain edema Thioacetamide Transgenic mice Brain edema and associated astrocyte swelling leading to increased intracranial pressure are hallmarks of acute liver failure (ALF). Elevated blood and brain levels of ammonia have been implicated in the development of brain edema in ALF. Cultured astrocytes treated with ammonia have been shown to undergo cell swelling and such swelling was associated with an increase in the plasma membrane expression of aquaporin-4 (AQP4) protein.
Introduction
Brain edema is a potentially lethal complication of acute liver failure (ALF), with an approximately 55-60% mortality (Escorsell et al., 2007; Lee et al., 2008) . There is currently no effective treatment for the brain edema other than emergency liver transplantation (Farges et al., 1996; Hoofnagle et al., 1995; Vaquero et al., 2003) . Cytotoxic brain edema, principally due to astrocyte swelling, is the major neuropathological finding in ALF (Jover et al., 2006; Kato et al., 1989; Martinez, 1968; Norenberg, 1977; Traber et al., 1989) . Employing neuroimaging techniques, several reports have documented a significant intracellular accumulation of water in brain parenchyma in human and experimental ALF of various etiologies, indicating the presence of cytotoxic brain edema. For review, see (Chavarria et al., 2011) .
Several lines of evidence indicate that elevated blood and brain ammonia levels play major roles in the development of brain edema in ALF. For reviews, see (Blei, 1997) . Blood and brain ammonia levels have been shown to correlate with the degree of encephalopathy and brain edema (Clemmesen et al., 1999; Kato et al., 1989; Ong et al., 2003; Traber et al., 1987) , and ammonia is known to induce cell swelling in cultured astrocytes (Norenberg et al., 1991; Olson et al., 1992; Zwingmann et al., 2000) and in brain slices (Ganz et al., 1989) .
The mechanisms by which ALF causes astrocyte swelling are not completely clear. It has recently been shown that altered ionic homeostasis, largely mediated by activation of the Na
− cotransporter (NKCC1) and associated cytoplasmic osmolar imbalance are involved (Jayakumar et al., 2008 (Jayakumar et al., , 2011 . Such osmotic imbalance must be accompanied by the entry of water into cells so as to achieve osmotic equilibrium.
Water entry in some cell types is known to be mediated largely by aquaporin (AQP) water channels (King and Agre, 1996) . AQP4 is the principal water channel in astrocytes (Nielsen et al., 1997) , where it is involved in the development of brain edema in various neurological conditions, including ischemic stroke, traumatic brain injury, brain tumors and hyponatremia (Bloch et al., 2005; Manley et al., 2004; Papadopoulos and Verkman, 2007; Verkman et al., 2006) . Knock-out mice lacking AQP4 are resistant to the development of the cytotoxic brain edema in hyponatremia and ischemic stroke (Manley et al., 2000) .
Previous studies have documented that treatment of cultured astrocytes with ammonia resulted in increased AQP4 levels, which correlated
